INTRODUCTION
Along with the rapid development of the construction and transportation industries, the number of patients with calcaneal fractures has been increasing annually (1) . Conservative treatment has been widely applied for displaced calcaneal fractures. However, long-term followup studies have shown that conservative treatment cannot reduce the fractures and may, in fact, result in a relatively high morbidity due to the abnormal widening of the calcaneus (2, 3) . Therefore, most scholars have advocated open reduction and internal fixation of displaced intraarticular calcaneal fractures. The axial fluoroscopic view is routinely used to identify the recovery of the calcaneal width (4) . However, because the surgeon often holds the patient's ankle during the X-ray, they both are exposed to a large dose of radiation. Moreover, the axial view varies with the different projection angles, and this affects the objective evaluation of the calcaneal width during surgery (5) . Therefore, we designed a tangential X-ray projection of the calcaneus, investigated its radiographic anatomy on tangential view, and identified the relationship between the lateral calcaneal wall and the anatomical markers.
Clinical data
General data: Between May 2009 and April 2011, we carried out tangential X-rays of the calcaneus in 57 patients with normal and 30 patients (42 sides) with fractured calcanei. The radiographic anatomy of the bone was observed and the method of measuring its width was investigated. Among 57 cases with normal calcancei, there were 40 males and 17 females, with an average age of 41.7 years (range 32-54 years).
All of the participants agreed to receive the radiation and signed the informed consent.
SUBJECTS AND METHODS

Methods for the X-ray examination
A Siemens Axiom Aristos FX Radiography system was used in the current study. The X-ray projection was di-rected along the line connecting the midpoint of the fourth and fifth metatarsal heads with the lateral margin of the corpus calcanei. The internal rotation of the foot was about 15-20° (Fig. 1) 
RESULTS
In order to measure the parameters in the X-ray pictures, lineation and measurements of the calcaneus were carried out. The normal calcaneus appeared as a typical symmetrical oval on tangential X-rays (Fig. 2) . The upper arc (CD in Fig. 2 ) was the smooth articular surface of the posterior talocalcaneal joint; the arc (DE in Fig. 2 ) was the articular surface of the middle talocalcaneal joint. Sustentaculum tali with a duckbilled shape (S in Fig. 2 ) were located medially to the oval. The lateral wall of the calcaneus was continuous and smooth, and did not exceed the Z line, which was vertical to the medial side of the lateral malleolar fossa (f). The inferolateral protrusion from the oval was the lateral process of the calcaneal tuberosity (g).
the medial side of the lateral malleolar fossa (f) in the fractured calcaneus [with a widened calcaneus] (Fig.3) . Once the lateral calcaneal margin exceeded this vertical line, it indicated that the bone was already widened. Therefore, this vertical line was the demarcation to indicate whether widening has occurred. We defined this vertical line as Zhang Yingze-Wang Qingxian's line, inshort, the Z-W line. The mean longitudinal axis (a) of the oval-shaped calcaneal projection was 3.52 ± 0.41 cm, the mean horizontal axis (b) was 2.56 ± 0.28 cm and the a/b ratio was 1.40 ± 0.11 in the fractured calcaneus.
When the calcaneal fracture was intra-articular and involved the posterior talocalcaneal joint, unevenness or breakage was observed in the cd arc, representing the posterior articular surface. When the lateral wall was fractured, breakage and protrusion of the lateral margin of the oval-shape could be observed on the tangential views (Fig. 3F1) . The semi-coronal CT scan of the same fractured calcaneus also showed obvious fracture lines and the lateral protrusion of the lateral wall (Fig. 3F2) . Therefore, the X-ray findings of the calcaneal fracture on tangential views were completely the same as the results of the semi-coronal CT scan of the fractured bone. Because the fractured calcaneus became widened (increased b value), and its height decreased (reduced a value), the a/b ratio was decreased significantly in the fractured calcaneus. Therefore, the a/b ratio was considered to be effective in evaluating the calcaneal deformity, guiding therapy and assessing the outcome.
DISCUSSION
The calcaneus is a nearly rectangular bone located beneath the talus. Its corpulent rear is called the corpus calcanei and the posterior protrusion of its body is called Wang et al The computed tomography (CT) scan revealed that the lateral calcaneal margin exceeded the vertical line to An oblique groove, called the groove for the tendon of the peroneus longus, is located posteroinferiorly from this process. The direction of the X-ray projection in the current study was along the line connecting the midpoints of the fourth and fifth metatarsal heads and the lateral margin of the corpus calcanei. Internal rotation of the foot was about 15-20°at the moment when the ankle was in slight plantar flexion. This is the so-called tangential view of the calcaneus (Fig.1) . Calcaneal fractures account for approximately 2% of all fractures and they accompany 60% of tarsal bone injuries. Furthermore, 80-90% of the patients are adult males and some of them become disabled as a result of the injury (1), which exerts a significant impact on society and on family. The main cause of pain after calcaneal fractures include: widening of the calcaneus, loss of its height, a stepped displacement in the posterior articular surface exceeding 3 mm, varus or valgus deformity of the calcaneus and changes in the Böhler or Gissan angles. Therefore, in order to achieve an ideal outcome, one of the therapeutic targets in calcaneal fractures is to correct the widening deformity of the calcaneus and to prevent the tenosynovitis of the long and short-peroneal tendons. Many follow-up studies have shown that tenosynovitis of the long and short-peroneal tendons may be caused by the friction between the protruded lateral wall of the calcaneus and the long and short-peroneal tendons and tendon sheaths if the width of the calcaneus cannot be restored. The tenosynovitis may cause intractable pain in the inferior part of the lateral malleolus. In clinical practice, this is referred to as lateral impingement syndrome. At this point, patients have to undergo resection of the calcaneal lateral bony process and decompression of the peroneal tendon sheath (5) (6) (7) (8) .
Measuring the calcaneal width after fractures is, therefore, a very important task. Xicheng et al performed measurements on the bone and, in vivo, by using CT scans and reported data about the calcaneal width. However, their method is too complicated for surgeons and, additionally, it is affected by the scales of the X-ray films and CT images. Moreover, the conversion process is complicated. The axial fluoroscopic view was commonly used to observe and measure the calcaneal width during surgery, and the surgeon has to hold the patient's ankle, which results in extensive exposure to radiation. Moreover, the variation of the axial views is noticeable according to the different X-ray projection angles and various angles of ankle dorsiflexion, which affect the objective intra-operative evaluation of the calcaneal width. Additionally, the patient has to suffer tremendous pain, due to the required ankle dorsiflexion before and after surgery. When obtaining the tangential view of the calcaneus, the patient is required to be in a resting position with only mild ankle plantar flexion. The surgeon can leave the operating room during fluoroscopy to avoid irradiation. In addition, the patient can be relieved from the pain caused by ankle dorsiflexion during the examination. Moreover, because the ankle is in a resting position, it does not move, ensuring excellent reproducibility of the images. Hence, this technique can accurately identify whether the width of the calcaneus is restored or not. Because the projection angle and the direction can be adjusted flexibly by the C-arm machine, the tangential Xray view of the calcaneus can be easily obtained during surgery (Fig. 4) .
We used the tangential calcaneal view to measure its width. In this approach, the measurement is not affected by the scale of the X-ray film. The Z-W line is the demarcation that is used to determine whether the calcaneus is widened or not. This technique is accurate, easy to apply, has excellent reproducibility, and it can be used to compare pre-and postoperative outcomes. In addition, the a/b ratio can be used to quantitatively evaluate calcaneal deformities, a new indicator of deformities after calcaneal fractures.
Both of the two methods for the evaluation of calcaneal fracture were effective. The anatomical landmarks can be used as qualitative indicators, and the measurements of width can be used as quantitative indicators. The former one is suitable for analysis of small-size samples, and the latter one is suitable for analysis of large-size samples. Based on the small sample size in this study, we could not conclude which one is better. A larger sample size should be initiated for further investigation. 
